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Chapter I
INTRODUCTION
Washed spores of some soil fungi, that require carbon for
germination, germinate in so i l or soil e xtracts to form chlamydospores
(27, 50, 68) .

Little is known, however, about the rate of spore

germination in soil or how temperat ure affects the ge rmination
process.

The optimum temperature for spore germination .!.!!_ vitro

may not be the most favorable temperature for germination in the
presence of microbial antagonisms e ncountered in the soil env ironment .
The test fu ngus, Fusarium roseum(Link~ Snyder and Hanson
'Sambucinum', is a connnon soil fungus .

It is economically important

as a pathogen of potato causing eithe r fusarium seed piece decay
(16) or dry rot of stored potato tubers (46).
Fusarium rots of various types occur in potatoes from all
parts of the United States.

They are destructive in tubers primarily

during storage (4, 74) and tran s it (71) .

Some types of Fusarium

tuber rot may develop in potat oes in the soil and cause serious
decay, particularly at the s t em, but a large r number of infections
occur through injuries made during the harvesting and storing of
the crop (71).

1

2
Purpose
The purpose of this investigation was to study the effect of
temperature on the rate of germination, lysis and survival of macroconidia of F. roseum 'Sambucinum 1 in unsterilized soil.

Delimitations
This study was limited to the use of an unsterilized Mallory
silt loam.
]:. roseum

The soil was artifically infested with macroconidia of
1

Sambucinum'.

Investigations were performed under controlled

conditions in the laboratory.

0

0

Three temperatures (6 C., 25 C., and

35°c.) covering a broad range, were selected for this study.

Definition

£f

terms

Soil fungistasis refers to the inhibition of some stage of
the fungal life cycle by compounds thought to occur naturally in
soils (25).

Antibiotic refers to a chemical substance produced by

microorganisms that has the capacity to inhibit the growth of and
even destroy bacteria and other microorganisms, and is effective in
low concentrations (73).

Chapter II

REVIEW OF LITERATURE
The surviva l of fungus propagules in soil is influenc ed by
such factors as nutritional r e quirements fo r germination, soil
temperature and moisture and their se ns i tivity to soil fungistasis .
An emphasis will be plac ed on these aspec ts in the fol l owing discussion of the literature.
Studies o n the germination r e quir emen ts for spores of soil
f ungi, particularly fusaria, va ry widely in their conclusions (8,
14, 28) .

Sisler and Cox (62) found medium free conidia of F. roseum

required an exogenous sourc e of carbon and nitroge n for germination .
Marcha nt (44) has also shown t ha t both carbon and nitrogen sourc es
we r e necessary for the satisfactory ge rmination of macroconidia of
F. cu lmorum.

Griffin (27) showed medium- free macrocon idia of F.

solan i f. sp. phaseo li grown on pot ato-dextros e agar (PDA) s imilarly
required exogenous carbon and nitrogen sources for germination.

In

add ition , Cochrare( l4) demonstrated that ma croconidia of this s ame
organism r e quired a factor in yeast extract fo r germination of conidia
when the fungus was grown on a yeas t extract medium.
It has bee n obse rve d th at spores of many f ungi whether nutritiona lly depe nde nt or indepe nde nt fai l to germinate in soil or soi l
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extracts, but will germinate upon the addition of an available carbon
source (17, 68, 69) or when the soil extracts are passed through a
microbiological filter (19, 27, 68).

Chinn (9), using the buried

slide technique, noted that conidia of several fungal species, including Helminthosporium sativum, failed to germinate in unsterilized
soil.

Dobbs and Hinson (17) observed a similar inhibition of the

conidia of Penicillium frequentans in a variety of unsterilized
English soils while using a buried cellophane method.

Dobbs and

Hinson described this inability of fungus spores to germinate in
soil as soil fungistasis.

Several other workers have observed that

unamended natural soil provides an unfavorable environment for the
germination and growth of many fungi and especially plant pathogens
(9, 34, 41).

The effects of soil on fungi include the inhibition

of mycelial growth (19) as well as the inhibition of spore germination
(9, 34).

These effects may be the result of a fungistatic factor(s)

present in natural soil.

There has been much done in an attempt to

elucidate this phenomenon of soil fungistasis.

Fungistasis has become

noted for its widespread occurrence in natural soils (12, 17, 21,
34, 35), non-specific inhibition (33, 34, 35, 40, SO, 52, 68),
association with microbial activity (17, 19, 26, 34, 36, 37, 40),
and its dissipation in the presence of nutrients (9, 11, 17, 19).
Lockwood (40) successfully reproduced a fungistatic effect
in autoclaved soil by infesting it with a Streptomyces isolated for
a period of 16 days.

He interpreted his results by suggesting that

antibiotics may play a role in natural fungitoxicity of soils.
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Griffin (25) later s howe d that inhibition of conidial ge rmina tion
in so il may be ca used by both antibiotic prod uc ing organisms and nona ntibiotic producing organisms.

Grif f in suggested that ge ne ral toxic

metabolites may be the princ ipal caus e of fungistasis .

Lockwood and

Lingappa (42) have confirmed these findings with sterile soil using
a wide range of microflora.
The me tabolic produc t s of many microorganisms are known to
inhibit spore germination.

Lingappa and Lockwood (36) s uggested

that individual fungus spores serve as nutrient microsubstrates in
the soil, there by s timula t ing the grow t h of bacte ria or other microorga nisms that may be present on th e spores or in their iunned iate
v icinity.

These bacteria could then r e l ease inhibitory metabolites

in conc e ntrations s ufficient to inhibit spor e ge rmination.

Gr i ff in

( 26, 28), working on the behavior of F . solani in soil ex trac t s ,
noted that bacte ria did not aggregate a r ound spores, but did aggr egate
around ge rm tu be s.

Old ( 52) has recently made similar obse r vat i ons

wh ile working wi th spor es of H. sativum.

He a l so noted t hat the

ge rm t ub es that the bacte ria had aggrega t e d around frequentl y lost
the ir ce ll contents; howeve r, he could not a ttribu te this direct l y
to bacter ial activity, as ge rm t ub es we r e a l so lyse d in ster ile
cont rols .
In 1964 Loc kwood (43) s uggested that the most like ly explanation
for so il f ungistas is was t hat f ungus spores fa iled to germinate
because of the l ow nutrient st atus of na tura l soil.

Sufficient

available nu trients would have to be prese nt i f germina t ion of the
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spores is to occur.

However, the results of Chinn and Ledingham (13)

have indicated that factors other than competition for nutrients,
unavailability of nutrients in soil, or loss of nutrients from spores
were responsible for inhibition of germination of spores of Cochliobolus
sativus.

The fact that nutrient dependent washed spores of some fungi

germinate in filtered soil extracts suggests that the soil solution
is not completely devoid of available carbon and nitrogen substrates
(19, 27, 68).

Apparently, the substrates are present in quantities

insufficient to counteract the soil fungistatic effect.
Drying of soil appears to have an important effect on the
amount of available nutrients present in the soil solution.

This

factor has not been considered in studies on·soil fungistasis.

The

increased decomposition of soil organic matter following intermittent
drying has been attributed primarily to the release of nutrients, and
especially energy sources, that could be rapidly oxidized by the soil
microflora (64).

Stevenson (66) and Paul and Tu (53) have shown that

the degree to which metabolic activity increases in remoistened air
dry soil varies directly with the concentration of free amino acids
and other nitrogenous materials released during the air drying process.
Prolonged air drying has been shown by Soulides and Allison
(64) to increase the rate of decomposition of soil organic matter.
Multiple dryings were found to have a cumulative effect.

Usually

after each drying there was a significant increase in ammonia nitrogen.
It was also noted that younger bacterial cells were killed by drying
much more easily than older ones which were existing primarily in a
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resting or sporulated state.

They reached this conclusion since the

largest proportion of the bacteria present was killed after the first
and second drying than after the third and four.th dryings.
Park (58) noted that there were some similarities of fungal
behavior in staled cultures and in natural soil.

From this he has

suggested that soil fungistasis may be a general form of staling
between both like and unlike organisms.
In order to better understand soil fungistasis, Park (59)
studied the staling phenomenon in culture of
other fungi.

I·

oxysporum and several

His data indicated that a single labile substance,

which is produced by the fungus, could account for changes in morphology, inhibition of germination and autolysis.

For example, Park

removed a mass of mycelium from a 20 day old liquid culture that had
been in a stationary phase for two weeks.

This allowed the development

of colonies up to 7-8 mm. in diameter from cells remaining on the
staled medium.

Close examination of small areas in staled agar

cultures, at regular intervals of time, revealed a dynamic balance
between autolysis and growth in the apparently static culture.
Park (60) has shown that the staling effect was due to a
substance produced in the staled culture.

He demonstrated this by

placing individual drops of staled solution from the

I·

oxysporum

culture on the hyphal tips of an agar colony of Aspergillus niger.
Through further experiments this staling substance was shown to be
labile in the presence of the fungus and non-volatile, but remaining
stable after being heated or autoclaved.

Park has also demonstrated

8

that filtration through Whatman filter paper, passage over charcoal,
and dilution will remcive the inhibitory substance from the staled
solution.

From this he concluded that the staling effect in

.I·

oxysporum was not due to the depletion or the removal of nutrients
as the staling substance itself can be diluted out or removed by
absorption.
Results recently obtained through the efforts of Robinson
and Park (61) have indicated that fungi produce volatile compounds
which are inhibitory to the germination of their own spores and to
those of other species.

Their paper, however, was limited to the

analysis of volatiles produced by

.I·

oxysporum and R. stolonifer.

Their results indicated that one of the main sporostatic factors
was acetaldehyde.
Susceptibility of fungus spores to fungistasis in natural
soil may be of some survival value by preventing germination and
the subsequent growth of the fungus in the absence of available
nutrient substrates (7, 20, 24).

Cochrane (15) has stated that

"Ecologically, a nutritional requirement for spore germination may
be an advantage, helping to insure that germination will not occur
in environments devoid of the materials needed for continued growth."
However, conditions in soil may be temporarily conducive to the
spore germination of some soil fungi such as the fusaria.
Observations made by Nash and Snyder (50) on macroconidia
of F. solani f. sp. phaseoli placed in unsterilized field soil showed
that macroconidia either germinated by a short germ tube which
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eventually produced chlamydospores or the macroconidia were themselves
converted directly into chlamydospores,
Park (56), studying the interaction of Bacillus macerans and
!· roseum in autoclaved soil, observed a lag period after infestation
on the part of the bacterium.
produced typical conidia.

During this time the fungus grew and

Later, however, intensive lysis of the

fungal structures occurred, with the fungus retaining its viability
largely through means of resting spores.

This lag period was shown

to be a period in which the bacterium became adapted to the presence
of the fungus.

The formation of resting spores or chlamydospores

is generally believed to be a response to unfavorable environmental
conditions (15).

However, the factors influencing this morphogenesis,

are not clear.
In studying the morphogenesis of chlamydospores, Griffin (28,
30) has suggested that one of the factors influencing morphogenesis
is the concentration of soluble exogenous carbon compounds.

By using

replacement culture techniques, he found that glucose in the excess
of 0.001% would inhibit chlamydospore formation by!· solani 'Coeruleum'.
A wide range of carbon substrates (ethanol, mannitol, and amino
acids) were also found to be inhibitory to morphogenesis at a concentration of 0.1%.

However, he found that when the density of

the fungus thallus was increased or when supernatants of staled,
dilute (.1%) Czapek-Dox cultures of the fungus were used, the morphogenesis proceeded more rapidly than in the absence of a carbon
substrate.

The supernatant of a staled normal Czapek-Dox culture
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of the fungus did not allow chlamydospore formation and growth was
stimulated,

From the results of this study, he has concluded that

"staling substances elaborated on endogenous substrates alone, produced
in culture media, or present in soil may cause chlamydospore formation
when the amount of soluble exogenous carbon is low."
Alexander et al. (3), noted that there was greater mycelial
production in water extracts of soil that failed to induce chlamydospores in quantity,

This suggested that relatively high nutrient

levels counteract the factor that favors the inducement of the chlamydospore stage in soil.
extract,

To test this, they added glucose to a soil

No chlamydospores were formed within seven days, whereas

in the soil extract without glucose the chlamydospores were formed
abundantly.
Chlamydospores have been shown to remain viable in soil for
extended periods of time.

Nash and Alexander (51) reported that

approximately 30-50% of the macroconidia of!· solani f. sp. cucurbitae,
deposited in soil by moisture or mechanical means, were converted
to chlamydospores in one to eight weeks.

However, most of these

chlamydospores did not survive for more than a year.
formed by

g.

The chlamydospores

solani f. sp. phaseoli remained viable for more than

five years in dry soil at a high inoculum density.
One of the major factors influencing the longevity of spores
is temperature.
(15).

Generally survival is greatest at lower temperatures

Supposedly the metabolism of the spore is accelerated at

higher temperatures, leading to the quick utilization of the en9ogenous
reserves and the subsequent death of the spore.
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French and Nielson (22) found that 24°c. was the optimum
temperature for the conversion of clumped macroconidia of
f. sp. batatus to chlamydospores._

about 90% germination.

oxysporum

They also pointed out that desiccated

chlamydospores failed to germinate l!!_
at room temperature.

I·

~

after 11 months of storage

Chlamydospores stored immersed in water had
They suggested that hydration contributes

to the longevity of chlamydospores.
Soil fungistasis, which interacts with other soil factors such
as temperature and moisture, does not necessarily insure the survival
of fungus propagules in soil.

The spores of many fungi are quickly

lysed and disappear when they come in contact with soil (36, 57).
In contrast, conidia of H. sativum (5, 11) and chlamydospores of

I·

solani (SO) have the capacity to remain viable in soil for one to
five years.
When organic material is added to soil, the spores of soil
fungi become metabolically active and germinate.

By using direct

methods of observation it has been noted that germ tubes and hyphae
eventually lyse, depending on the species involved (9, 10, 54, 65,
70).

The lysis of fungal structures in amended or unamended soils

could be caused by extracellular enzymes liberated by soil microorganisms.

This process is referred to as heterolysis.

Intracellular

enzymes which result in autolysis or self-digestion of the fungal
mycelium may also be involved.

To understand lysis in soil more

clearly the relative importance of heterolysis and autolysis must
be determined.
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Results supporting heterolysis have been obtained through
studies on the lysis of germ tubes of uredospores by the saprophytic
strains of Verticillium hemileiae (1).
known to be produced by

y_.

Since antibiotics are not

hemileiae, it was inferred that the lysis

was due to enzymatic action.

The results of a number of preliminary

studies have shown that a proteolytic enzyme is invariably associated
with the lytic activity of V. hemileiae.

Acha et al. (2) have further

demonstrated that lytic enzymes are capable of digesting the cell
walls of living fungal cells.

By using the lytic en.zyme of Streptomyces

RA, they were able to obtain protoplasts of!· culmorum, which enabled
them to study the cytoplasmic membrane possessed by this organism.
Mitchell (48) demonstrated that lysis did not occur when he
placed a dialysis tube between the fungal mycelium and the soil.
From this he concluded that hydrolytic enzymes produced by lytic
microorganisms are necessary for the lysis of fungi in soil.

However,

Lloyd and Lockwood (39) in repeating Mitchell's experiment found that
the dialysis tubing used was partially degraded both by Si_. cingulata
and the soil microorganisms.

In view of these results, they concluded

that nutrients were made available to the test fungus as a result
of cellulose degradation, which prevented autolysis.
Horikoski and Iidia (32) isolated several species of Bacillus
which were found capable of liberating extracellular enzymes that
lysed fungal mycelium by the digestion of the cell wall.

Park (55)

isolated a strain of B. macerans from soil that also demonstrated
lytic properties.

Since chitin constitutes a major part of the cell
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wall of many fungi, one of the extracellular enzymes involved in
lysis may be chitinase:

Many actinomycetes and bacteria produce

chitinase (32, 38, 49) and there are also lytic bacteria known to
produce B-1,3-glucanase (49), which hydrolyzes another major constituent
of the cell wall of some filamentous fungi.

However, there is some

evidence against the possibility of heterolysis, in that some extracellular enzyme preparations studied thus far have not been able to
lyse living fungal hyphae (38).
Lloyd and Noveroske (38) found that chitinase, at temperatures
favorable for fungal growth, could not lyse living mycelium, when
acting alone or with other hydrolytic enzymes that were also capable
of cell wall degradation.
The results of Lloyd and Lockwood (39) suggested that lysis
in soil could be accounted for by autolysis.

They demonstrated this

by separating the fungal mycelium from the soil by membrane filters
having pores small enough to prevent the passage of enzymes produced
by soil microorganisms in the soil.

They observed that the living

mycelium became completely or partially lysed, while the dead hyphae
were not lysed.

When they added antifungal antibiotics to hyphae of

Glomerella cingulata and
completely lysed.

li· victorae in starvation state, they were

However, when they submitted the hyphae of!·

solani f. sp. phaseoli to this starvation-antibiotic system, lysis
was incomplete; when the hyphae of this fungus were in direct contact
with the soil, lysis was complete.

On the basis of these findings

they suggested that apparently secondary degradation by extracellular
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enzymes produced by the soil microorganisms are needed to completely
lyse the hyphae of certain soil fungi.
Stevenson (65), working with a mixed culture in soil, noted
that Streptomyces antibioticus lysed the mycelium of!!.· sativum.

He

concluded that the lysis was apparently due to the combined action
of an antibiotic (actinomycin) and some other unknown factor.
As for the ability of organisms to cause lysis, Lockwood and
Lingappa (42) and others (72) have found that the actinomycetes tested
were more lytic than either the bacterial or the fungal species
tested.
Brian (7) fodicated that autolysis is usually the result of
a nutrient deficiency.

It has been generally observed that while

working with pure cultures, autolysis only occurs when all the
available carbon substrates have been exhausted from the medium.
The process of autolysis is characterized primarily by the disappearance
of the protoplasm within the cell, followed by degradation of the
cell wall, with the concomitant release of ammonia and minerals into
the environment.

Thus autolysis occurs once the available carbohydrates

and fat reserves present in the mycelium or conidia have been utilized
(7).

With respect to bacteria a starvation condition generally
does not result in autolysis (67).

This fact is important for their

survival, since bacteria often encounter conditions of nutrient de-

pletion in their environment.

It is known, ex~ept for a few instances,

that autolysis occurs whenever the metabolism of the cell is drastically
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disturbed.

Any living cell requires a suitable physical and chemical

environment in order to carry out the vital functions of the cell.
The lysis of a bacterial population may be both endogenous and exogenous
in nature because the autolytic enzymes released from lysing individuals
may act from the outside upon other members of the population (67).
When Park (57) infested autoclaved soil with native and alien
saprophytes, the aliens lysed rather rapidly, while the native saprophytes did not lyse as easily.

These results suggested to Park that

since the observations extended over several weeks, lysis resulted
primarily because of energy-source exhaustion.
Thus it appears that lysis of fungal hyphae or spores may
result from any one or a combination of factors:

nutrient deficiency,

antibiotics, enzymes such as chitinase and B-1,3-glucanase, or drastic
changes in the environment.

However, it is not clear which mechanisms

operate in the natural soil environment.

Chapter III
MATERIALS AND METHODS
Effect of temperature on the glucose and ammonium requirements for
germination of macroconidia in vitro

The fungus was maintained on potato dextrose agar (PDA) slants
at room temperature.

In all experiments the macroconidia were collected

from two week old cultures and washed two to three times by filtration
with .01 m phosphate buffer (pH 6 .5) plus .05% MgC1 .
2
This buffer solution was used also as a basal medium for
determining the carbon and nitrogen requirements for the germination
of washed macroconidia.

Glucose (0.5%) was used as a carbon source

and NH Cl (.05%) was used as a nitrogen source.
4
The four media that were used are as follows:
1.

Basal medium (K HP0 + KH Po + .05% MgC1 )
2
2
2 4
4

2.

Basal medium+ .05% NH Cl
4

3.

Basal medium+ .5% Glucose

4.

Basal medium+ .05% NH Cl + ..5% Glucose
4

The glucose and ammonium requirements for the germination of
macroconidia of F. roseum 'Sambucinum' in vitro was studied at three
0

0

0

temperatures (6 C., 25 C., and 35 C.).
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The above media were sterilized by using Millipore filter systems.
The solutions were then poured aseptically into sterile petri plates.
The petri plates, containing the sterile media at a depth of 1 mm.,
0

0

0

were pre-incubated at temperatures of 6 C., 25 C., and 35 C. for
15 minutes before being inoculated with .1 ml. of washed macroconidial
suspension standarized with a colorimeter to an optical density of
.110 at 400 mµ (.07 mg/ml., dry wt. basis).

Dry weight determinations

were_ made by drying sample at 105°c. for 24 hours.
Microscopic observations at 210x were conducted at daily
intervals for three days.

A minimum of 200 macroconidia were counted

for each observation.
Effect

.£f

temperature on germination

.£f macroconidia

in unsterilized

soil
A parallel experiment was conducted to determine the influence
of temperature on the germination of macroconidia of F. roseum
'Sambucinum' in unsterilized soil.

The soil used was a Mallory silt loam (1/3 atmosphere per
centage of 25; pH, 5.6) collected in the area of Lexington, Kentucky.
The soil was passed through a No. 10 mesh screen and stored at 1113% moisture content in large cans.

In all experiments the moisture

level of the soil was raised to 25% at the time of infestation of
the soil with macroconidia of the fungus.
Germination of washed macroconidia in soil was determined by
direct observation of soil smears.

Washed macroconidia were
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concentrated by filtration and adjusted to an optical density of 1.6
at 400 mµ (1.10 mg./ml., dry wt. basis) and thoroughly mixed into ten
gram samples of soil (oven dry basis).
0

The infested soil was incubated

0

0

in moisture chambers at 6 C., 25 C., and 35 C.

At daily intervals for

eight consectutive days small samples (50 mg) we.re smeared on glass
slides, stained with acid fuchsin and observed at 210x for germination.
Supplementary observations were made at 970x.

A minimum of 100 macro-

conidia were counted for each observation.

£1

Effect of temperature.£!!. survival

macroconidia

2:!!.

unsterilized soil

To study the survival of macroconidia in soil, 1000 gram
samples of soil (oven dry basis) were infested with approximately
1 x 10

5

washed macroconidia/gram of soil, placed in beakers, covered
0

0

with perforated polyethylene film, and incubated at 6 C., 25 C.,
0

and 35 C.

At weekly intervals the soils were brought up to 25%

moisture if needed.

The initial population of the fungus and subsequent

populations were determined at monthly intervals for nine months by
the dilution plate technique at 1:10

4

or 1:10

3

soil dilutions.

The

plating medium used, modified from Martin (45), allowed easy recognition
of colonies of the fungus and had the following composition:
peptone (Difeo), 2% agar, .1% KH

Po4 ,

2

1.5%

.05% MgS0 , 1:30,000 rose bengal,
4

and 300 ppm streptomycin.

A ten gram sample of soil was used in each

population determination.

One milliliter aliquots of the soil dilution

were pipetted on to each of 50 plates.
0

five and seven days incubation at 25 C.

Colony counts were made after

Chapter IV
RESULTS
Effect of temperature on the glucose and ammonium requirements for
germination of macroconidia in vitro

Macroconidia required glucose as a source for germination.
partial dependence on ammonium was demonstrated (Table I).

Only
0

At 25 C.,

germination was complete within 24 hours in the presence of glucose
and NH +, but not in the absence of NH + .

4

4

In the absence of glucose

or of both glucose and NH +, little germin~tion (0-10%) was observed.

4

The rate of germination at 6°c. in the complete medium was reduced
compared to 25°c., but eventually reached a high level (95%) after

72 hours.

Little or no germination (0-5%) was observed in any medium

at 35°c.
Effect of temperature on germination

£f

macroconidia in unsterilized

soil
Direct observation of washed macroconidia in infested soil
at 6°c. indicated that the number of, macroconidia with germ tubes
increased sharply during the first four days to 79% (Fig. 1), and
increased more slowly thereafter.
first eight days was not observed.

Lysis of germ tubes during the
Small two-three celled conidia

were commonly observed on germ tubes (Fig. 2A).

19

Observations after

20

Table 1.

Glucose and ammonium requirements for germination of macroconidia of Fusarium roseum 'Sambucinum' in vitro at 6°c.,

25°c., and 35°c.

Per cent germination
Medium

Hours

6°c

a

25°c

35°C

Glucose

24

16

99

2

NH Cl
4
MgC1
2
K HP0
2
4

48

49

99

1

7.2

95

99

0

Glucose

24

10

75

3

MgC1

48

39

84

1

72

76

88

0

NH Cl
4
MgC1
2
K HP0
2
4

24

2

4

2

48

5

3

0

72

9

10

0

MgC1

24

2

4

2

48

1

2

1

72

10

9

0

2
K HP0
2
4

2
K HP0
2
4

aBased on the average of three experiments.

I

Figure 1 .

Effect of temperature on the rate of
germi nat ion of macroconidia of F. roseum
' Sambucinum' in unsterilized soil~
bBa sed on the average of six experiments .

PER
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Figure 2.

A.

Sporulation of!· roseum 'Sabucinum '
in unsterilized soil .

B.

Lysis of germ tubes of F. roseum
' Sambucinum ' in unsterili zed soil
after seven days of incubation at

25°c.
C.

Lack of lysis of germ tubes of F.
roseum 'Sambucinum ' in unsterilized
soil after 48 days of incubation at

6°c .
D.

Chlamydosporic conidium of !· roseum
' Sambucinum ' formed in unsterilized
soil.
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48 days incubation indicated that the majority of germ tubes still
had not lysed (Fig. 2C) •

However, germ tubes were no longer at this

time than after the first eight days of incubation.
undergoing lysis were only partially lysed.

Most germ tubes

Fragments of germ tubes

that stained deeply with acid fuchsin were observed.

In soil incubated

at 25°c. germination of macroconidia was rapid the first day and
reached a peak of 39% after two days.

Rapid lysis of germ tubes

occurred between four and eight days (Fig. 2B).
was observed at this temperature.
tubes were observed.

Only sparse sporulation

After 48 days incubation no germ

Many walls of macroconidial cells devoid of

cytoplasm were lysing or had lysed completely at this time.

When

infested soil incubated at 25°c. for eight days was transferred to
60 C. for seven days, daily observation indicated no germination
occurred.

For infested soil incubated at 35°c. no germination of

macroconidia was observed.
Typical chlamydospores were not formed in soil at these three
temperatures (6 0 C., 25 0 C., and 35 0 C.).

Macroconidia did undergo some

changes in soil that are characteristic of chlamydospore formation,
however.

Most commonly observed was condensation of the cytoplasm of

a four-celled macroconidium into one or two cells.

Slight wall thicken-

ing and/or swelling of the cells containing cytoplasm was occasionally
observed (Fig. 2D).

Macroconidia in which any of these changes were

observed were considered chlamydospore-like or chlamydosporic (63).
After eight days, in soil incubated at 25°c., 72% of the macroconidia
were chlamydosporic, whereas 65% were chlamydosporic in soil i~cubated
at 6°c.
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Effect of temperature on survival of macroconidia in unsterilized
soil
The survival of macroconidia in soil was determined by the
soil dilution technique.

The accuracy of the technique was ascertained

by applying the Poisson distribution (Table II) to the frequency of
the fungal colonies obtained on the dilution plates made at the time
of infestion.
Formula:

Poisson distribution
p

=

p = probability of observing exactly K colonies per

plate.

>. = expected number of colonies per plate.
K = number of events occurring per plate.

e = exponential constant.
In order to be 95% confident of counting a sufficiently large
number of colonies to assure a counting error of less than 5%, the
following relationship was used:

>!-=percentage of point of the standard normal curve.
S = standard deviation of the poisson counts of colonies.
L

L = total number of colonies.
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Table II.

Observed vs. theoretical frequencies of colonies per plate,
based on the assumption of the Poisson distribution.

Number of
per plate

Number of
plates
observed

0

0

.0

1
2
3
4

1
2
2
2

.1
.5
1.5
3.8

5
6
7
8

8
9
16
21

7.3
11. 7
16.3
19.8

9
10
11
12

18
24
20
17

21.3
20.7
18 ..2
14. 7

13

14
15
16

9
6
4
3

11.0
7.6
4.9
3.0

17
18
19
20

2
2
0
0

1.7
.9
.4
.2

21

0

.1

166

165. 7

colonies

Total

Theoretical
(By C.R.C. Handbook)
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This analysis resulted in a decision to count enough plates to yield
at least 1537 colonies
Use of Chi-Square for test of significance:
*Formula:
2

(observed--expected.)
___________
1 _________ 1 __ _
expectedi

Calculated Chi-Square:

x217 = 18.2

(not significant)

Where the critical value for the x

2

17

at levels

of:

.01
.02
.OS
.10

=
=
=
=

37.6
35.0
31.4
28.4

The compar1son between the observed and the theoretical number
of colonies per plate was not significant at either the 5% (x
or 10% (X

x

2

2

>

28.4) level of significance.

2 > 31.4)

In fact, the calculated

value of 18.2 was very close to its expectation of 17, under the

hypothesis of a good fit of the experimental data to the Poisson
distribution.

This analysis is evidence of the accuracy of the plate-

count technique.
* Since one degree of freedom was lost by estimating the parameter
. l from sample data, yielding = 9. 7.

1
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Population analysis of infested soil incubated at

6°c. indicated

that the population of the fungus increased from an initial 9.5 x 104
propagules/g soil to 1.8 x 10

5

propagules/g soil after two months

(Fig. 3, A6); thereafter the population decreased slowly to 8.9 x 104
after nine months incubation.

A second experiment was conducted to

confirm the general nature of this population's increase at
(Fig. 3, B6).

In soil incubated at

zs 0 c.,

fungus decreased gradually to 9.8 x 10
months.

6°c.

2

the population of the
.
propagules/g soil after nine

The population of the fungus decreased sharply in soil incu-

bated at 35°c. to 1 x 10
of incubation.

3

propagules/g soil during the first month

Figure 3.

Effect of temperature on the survival of
macroconidia of F. roseum 'Sambucinum'
in unsterilized soil.
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Chapter V
DISCUSS ION
The results of thi s study i ndicate that low temperature favo r s
macroconidia l germi na tion a nd subsequent survival of !· roseum
' Sambuc inum' in soil.

Germination of macroconid ia £!!_ vitro, however,
0

0

was much more ra pid at 25 C. t ha n at 6 C.

Complete ge r minat i on of

macroconidia of F . roseum ' Sambucinum ' has been re ported t o occur
within nine hours at 25°c . on Czapek Dox agar (31).
Conidial germina tion is dependent on exogenous carbon for
severa l f ungi that germinate in so il or soil extracts ( 9 , 13, 14,
27 , 29, 62 , 70).

In view of the carbon requirement for macroconidial

germination of F. r ose um ' Sambucinum ' part of the germinative stimulus
in so il at either temperature may be due to the release of nu tr i e nts
that occurs when a dry soil is rewetted (66).

The soil moisture l eve l

was increased by 12 - 14% at the time of infestation in the experimen ts
reported in the present st udy.

The stimulus resulting from rewett ing

is greate r the longer a soil is dried (64), and is associated with
an increase in amino acids a nd other organic nitrogen compounds (53 ).
The higher germination in soil at 6°c . suggests that compet it ion
and other microbial a ntagonisms were l ess inte nse whe n rewetting was
fo llowed by low temperature i ncubation .

29

Under these condi t i ons

30

saprophytic activ ity i s limited to soil micr oorganisms with psychrophilic capabilities.
The obs erved rapid l ys i s of germ t ubes in so il at 25 0 c. may
be due more to products of microbial activity than to exhaust i on of
nutrients.

Ge rm tub es were not l ysed appreciably after 48 days in

6°c. eve n though vegetative growth had ceased for many days.

soil at

Lysis has been reported in bacte ria t o be gr eatest during active
vege tative growth, and not when cel l s are exposed to starvation
conditions (67).

Further, F. roseum 'Sambucinum' macroc onidia did

no t lyse extens ively even after nine months expos ure to carbon starvation conditions (31).
The obse rvat ions on the behavior of mac r oco nidia in so il
corroborat e in part the r esu l ts obtaine d on the population changes
in soi l.

Most of the increase in population obse rved in so il at

6°c . after the first month may be due to t he sporulation observed
in soi l at this temperature.

Howeve r, the direct observation of

soil at 48 days suggests that the population increase between the
first and second month may be due to viable ge rm tube fragments
r es ulting from partial lys i s of ge rm tubes and se paration of germ
tubes f r om the pa r e nt macroconid ia during the pr e paration of the
so il dilutions .

Limite d conidial germination and s porulati on in

unamended nat ural soi l has been observed for !!· s ativum (6) .

Rece ntly

Menzies and Griebe l (47) studie d the beha vior of resting str uctures
of

y_.

dahliae in unamended so il.

They reported a three to f ive fo ld

increase in population of the fungus in the first t e n days which

31
was a pparently due to vegetative g r owth and conidial production by
pseudosclerotia .
In contrast to t he higher surviva l of

I·

r ose um 'Sambuc inum '

0

a t 6 C., the populat i on was great ly reduced in so il after nine months
incubation at

zs 0 c.

and after one month at

35°c.

(51) have r eported that most chlamydospores of

I·

Nash a nd Alexander
solani f . s p.

cucurbitae race I did not s urvive fo r more than a year in non- ster ilized
soi l stored out of doors; ch lamydospores of

I·

so lani f . s p. pha seoli

s urvived much l onger , a nd fo r more t han five years in dry so il sto r ed
in the laborat ory .

The results of the prese nt study indic ate that

the thin-walled chlamydosporic conidia formed by F. rose um ' Sambucinum'
in soi l would not be capable of extended periods of passive s urvival
under so il temperature condit i ons e ncountered in nature .

Chapter VI
SUMMARY

Macroconidia of Fusarium roseum 'Sambucinum' required a glucose
source for germination.
demonstrated.

Only partial dependence on ammonium was

Direct observation of washed macroconidia infested

in soil and incubated at 6°c. indicated that peak germination of
macroconidia (79%) occurred at four days and remained relatively
constant thereafter.

Lysis of germ tubes was retarded and the

majority of germ tubes were not lysed even after 48 days incubation.
Small two-three celled macroconidia were commonly produced on germ
tubes.

In contrast, peak germination (39%) occurred at two days in

soil incubated at 25°c. with germ tube lysis occurring rapidly between four and eight days.

Only sparse sporulation was observed.

Dilution plate analysis of soil infested with 9.5 x 10

4

macroconidia/g

soil and incubated at 6°c. indicated that the population increased
sharply to 1.8 x 10

5

propagules/g soil by two months and declined

slowly thereafter to 8.9 x 10

4

after nine months.

However, the

population in soil incubated at 25°c. showed no increase and declined
steadily to 9.8 x 10

2

propagules/g soil after nine months.

In soil

incubated at 35°c. the population of the fungus decreased sharply to
1 x 10

3

propagules/g soil during the first month of incubation.
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